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Fig. 2. ZA treatment could rescue the cartilage from serum-damage. (A-B)
ZA treatment improved Young’s modulus and dynamic modulus after
long-term culture. (C) GAG content of cartilage allografts was higher in ZA
rescued group after 4 weeks culture. (p<0.05) (D) Responsive rate of
spontaneous calcium signaling in chondrocytes were signiﬁcantly higher
in ZA treated group on days 2, 8, and 15 (after 1-week serum exposure);
(E-F) Live/Dead staining images 23 days after serum damage showed
fewer dead cells in ZA treated group.
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binding proteins. The aim of this work is to investigate binding of
this domain to collagen and its role in the regulation of collagen
ﬁbril assembly.
Methods: Different variants of ﬁbromodulin (full length, the N-terminal
domain of ﬁbromodulin and N-terminal truncated ﬁbromodulin) were
used to study interaction to collagen type I in solid phase assay and
surface plasmon resonance assay. Fibrillogenesis assay was used to
monitor changes in turbidity over time in the presence of the different
variants of ﬁbromodulin. Samples were collected from the ﬁbril for-
mation and visualized by EM negative staining. Speciﬁc binding sites for
ﬁbromodulin on the collagen monomers by detection with a gold-
labeled ﬁbromodulin speciﬁc antibody was also identiﬁed by EM neg-
ative staining.
Results: In solid phase assay, all three variants of ﬁbromodulin bind to
coated collagen type I, showing a novel binding site located in the N-
terminal domain of ﬁbromodulin.
By surface plasmon resonance a distinct difference in the dis-
sociation phase is observed. The dissociation of full-length ﬁbro-
modulin is much slower compared to the N-terminal truncated
variant of ﬁbromodulin, indicating contribution of both the N-ter-
minal site and the LRR-domain sites in binding to the collagen
molecule.
In an in vitro ﬁbrillogenesis assay, full-length and N-terminal trun-
cated ﬁbromodulin delays the ﬁbril formation. Adding the N-termi-
nal tyrosin sulfate rich domain instead accelerates the ﬁbril
formation, indicating that this domain binds and facilitates collagen
monomer assembly.
Samples taken after 24 h of ﬁbril formation in the presence of the dif-
ferent ﬁbromodulin variants or PBS were analysed by electron micro-
scopy. Full-length ﬁbromodulin shows the thinnest ﬁbers, but with the
most mature cross-striation. Presence of the N-terminal also results in
thinner ﬁbers compared to the control and the N-terminal truncated
variant but showed less maturation.
Further, all three variants bind to three common sites on the
collagen type I molecule, visualized by electron microscopy. An
informative observation by the electron microscopy is the ﬁnding
of full-length ﬁbromodulin binding two collagen molecules at the
same time. This shows engagement of the N-terminal and one of
the binding sites in the LRR region, concomitantly binding dif-
ferent collagen molecules, which can be important for the
assembly.
Conclusion: This work shows that the tyrosine sulfate rich domain
of ﬁbromodulin contributes to the high afﬁnity binding of the
ﬁbromodulin molecule to collagen. It inﬂuences and contributes to
the arrangement of the collagen molecules, which results in well
deﬁned, highly organized collagen ﬁbers.
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BISPHOSPHONATE RESCUES CARTILAGE FROM TRAUMA DAMAGE BY
PROMOTING MECHANICAL SENSITIVITY AND CALCIUM SIGNALING
IN CHONDROCYTES
Y. Zhou, M. Park, L. Wang, X. Lu. Univ. of Delaware, Newark, DE, USA
Purpose: Our previous studies have shown that zoledronic acid (ZA), a
bisphosphonate approved by FDA for osteoporosis treatment, can
suppress the development of post-traumatic osteoarthritis (PTOA) in a
DMM (destabilization of medial meniscus) mouse model (Fig. 1).
However, little is known about the chondroprotective mechanisms of
ZA. Here we hypothesized that 1) ZA can directly rescue cartilage from
traumatic damage during in vitro culture without the presence of bone,
2) ZA can promote the beneﬁcial effects of mechanical loading during in
vitro culture of cartilage, and 3) the chondroprotective effects of ZA are
related to the spontaneous calcium signaling in chondrocytes.
Methods: Rescue from Serum Damage: Cartilage allografts from calf
knee joints were cultured in serum medium (10% FBS) for 1 week to
simulate damage in joint bleeding. Samples were then cultured in
serum-free medium with/without 1 mM ZA for 4 weeks. Longitudinal
mechanical modulus and GAG content were measured, and sponta-
neous calcium responses of in situ chondrocytes were checked on day 1,
8, 15, and 29 using a confocal microscope.Mechanical Stimulation: Cartilage allografts were cultured in serum-
free medium with/without 1 mM ZA for 4 weeks, while mechanically
stimulated for 30 min daily (103% dynamic loading). The outcome
results included cell viability, gene expression levels using qRT-PCR
(Aggrecan, Type I and II collagen), longitudinal mechanical properties,
GAG and collagen content.
Results: Young’s modulus of serum damaged cartilage increased 200%
after 4-week rescue in ZA supplemented medium, while the non-ZA
group increased only 56% (Fig. 2A). GAG content in ZA treated samples
was 60% higher than the non-ZA group (Fig. 2C). The spontaneous
calcium responsive rate of chondrocytes in ZA group was 100% higher
than that in the non-ZA group after a 2-week rescue (Fig. 2D), andmuch
fewer dead cells were found in the ZA group (Fig. 2E & 2F). Linear
regression showed that the calcium responsive rate of chondrocytes
was positively correlated with mechanical modulus of cartilage (data
not shown).
Exposure to ZA had no beneﬁcial effects on the stiffness of cartilage in
static long-term culture (Fig. 3). However, ZA signiﬁcantly improved
both equilibrium and dynamic moduli of samples under mechanical
stimulation. ZA also promoted the cell viability in cartilage after long-
term culture (Fig. 4B, 4D), as well as the collagen content (Fig. 5B).
Expression levels of type I, II collagen and aggrecan genes were sig-
niﬁcantly higher in the ZA group at 2 week (Fig. 5C, 5D, and 5E).
Conclusions: ZA treatment can rescue the mechanical integrity of
serum-damaged cartilage during in vitro culture, indicating the chon-
droprotective mechanism of ZA may be through the direct regulation of
chondrocyte mechanotransduction activities. This conclusion was fur-
ther supported by the fact that ZA can promote the beneﬁcial effects of
mechanical stimulation during the in vitro culture of cartilage allografts.
We also showed that the chondroprotective action of ZAwas correlated
with more robust spontaneous calcium signaling in chondrocytes.
Fig. 1. Continuous administration of zolendronic acid (ZA), an FDA
approved bisphosphonate to treat bone loss, suppressed the development
of post-traumatic OA in a DMM mouse model. A) Histological analysis
showed minor cartilage degeneration in ZA treated mouse. B) Cartilage
damage score of tibia and femur were much lower in drug treated group.
Fig. 3. Presence of ZA promoted the beneﬁcial effects of mechanical
loading, but had no effects during static culture. (A) Young’s Modulus and
(B) Dynamic Modulus of cartilage allografts at D3, 1wk, 2wk and 4wk in
vitro culture.
Fig. 4. Live/Dead stain images of cartilage allografts after 4-week culture.
(A-B) Static culture groups with or without ZA in medium. (C-D) Samples
cultured with mechanical stimulation. (Scale bar ¼ 50 mm)
Abstracts / Osteoarthritis and Cartilage 22 (2014) S57–S489S308Fig. 5. Biochemical content and gene expression levels of cartilage
allografts cultured with mechanical stimulation. (A) GAG and (B) collagen
content at day 30. Expression of (C) Type I Collagen, (D) Type II Collagen,
and (E) Aggrecan genes at day 14. (p<0.01)
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a5b1 INTEGRIN MEDIATES COMPRESSION-INDUCED INHIBITION OF
CATABOLIC EFFECTS INDUCED BY FIBRONECTIN FRAGMENTS IN AN
OXYGEN-DEPENDENT MANNER
E. Parker y,z, S. Vessillier x, W. Wan Abas z, D.L. Bader y,
B. Pinguaan-Murphy z, T.T. Chowdhury y. yQueen Mary, Univ. of London,
London, United Kingdom; zUniv. of Malaya, Kuala Lumpur, Malaysia;
xNIBSC, Hertfordshire, United Kingdom
Purpose: It is well established that ﬁbronectin fragments (FN-fs) reg-
ulate cartilage homeostasis and inﬂuence osteoarthritis (OA) disease
progression, particularly the initiation of tissue damage in early OA. Our
previous studies showed that reduced oxygen tension at 5% ampliﬁed
FN-f induced catabolic activities when compared to chondrocytes cul-
tured at 21% and this response was abolished with biomechanical sig-
nals in an oxygen-independent manner. There is strong evidence which
implicates the a5b1 integrin as a receptor for both biomechanical sig-
nals and matrix fragments suggesting potential overlapping pathways
for these signals. The present study therefore examined the effect of
oxygen tension and biomechanical signals on a5b1 integrin signalling in
FN-f stimulated chondrocytes using an ex-vivo 3D/bioreactor approach.
Methods: Chondrocyte/agarose constructs were subjected to dynamic
compression (15 %, 1 Hz, Bose Enduratec, UK) with 0 or 1 mM amino-
terminal Fn-f (29 kDa) and/or 100 mg/ml of a competitive ligand for the
a5b1 integrin (GRGDSP) or a non-binding control peptide (GRADSP) at 5
and 21 % oxygen tension (v/v) for 48 hr (Biospherix, USA). Nitric oxide
(NO) production, prostaglandin E2 (PGE2) release and glyco-
saminoglycan (GAG) synthesis were quantiﬁed using biochemical
assays. In separate experiments, the effect of oxygen tension and/or FN-
f in chondrocyte/alginate constructs subjected to dynamic compression
were visualised with ﬂuorescent conjugated monoclonal antibodies for
the a5 or b1 subunits and quantiﬁed by FACS analysis. Two-way ANOVA
and a post hoc Bonferroni-corrected t-test were used to analyse the
data.
Results: The presence of FN-f increased NO and PGE2 production, with
values greater at 5% than 21% oxygen tension. The catabolic response
induced by the fragment was reduced with dynamic compression (all
p<0.001) and this recovery effect lost with the integrin binding peptide,
GRGDSP, independent of oxygen tension. In addition, the presence of
the integrin binding peptide abolished compression-induced stim-
ulation of GAG synthesis at 5 and 21% oxygen tension, but had no effect
on the FN-f induced response. At both 5% and 21% oxygen tension,
treatment with FN-f increased a5 expression but had no signiﬁcant
effect on b1 expression. In contrast, dynamic compression reduced
expression of both a5 (17.541.07%) and b1 (48.122.06%) at 21% oxy-
gen tension (both p<0.001), but had no signiﬁcant effect at 5% oxygen
tension.
Conclusions: The present ﬁndings demonstrate that the ability of bio-
mechanical signals to reduce catabolic effects induced by FN-f was lost
following incubation with RGD peptides, suggesting that the a5b1
integrin is important in mediating the mechanotransduction response.
Indeed, integrin-mediated mechanotransduction will contribute to
chondroprotective events resulting in an attempt by cells to stimulate
anabolic processes locally and assist in tissue remodelling. In contrast,
the presence of the integrin binding peptide had no effect on the FN-f
induced response in constructs cultured at 5 and 21% oxygen tension,
implicating involvement of other integrin subtypes or receptors. FN-f
increased a5 but not b1 expression independent of oxygen tension, in
contrast to dynamic compression which induced suppression of a5 and
b1 expression at 21% oxygen tension only, further supporting the role of
a5b1 signaling in the reparative effects of dynamic compression. FN-fs
may exert catabolic effects through multiple receptors, whilst dynamic
compression initiates reparative effects mediated by a5b1. This study
provides ﬁrst insight into the effects of oxygen tension on the inter-
action of matrix fragment and mechanical loading signaling pathways,
which could reveal potential therapeutic targets for the arrest of early
OA progression.
